INTRODUCTION
The first transcatheter aortic valve implantation (TAVI) was performed in 2002 (1) and was followed by rapid expansion of the technology and utility of this procedure. The first implants were done in South Africa in 2009. (2) The local use of TAVI has been hampered by low patient numbers. In an attempt to optimise our experience, we established a public-private partnership between 2 busy private hospitals in the Mediclinic group (Panorama and Vergelegen) and the Division of Cardiology at Stellenbosch University and Tygerberg Hospital. We collected data for all patients prospectively and reported on our initial short-term experience of 79 patients in 2012. (2) In November 2014, the national South African Heart Registry on TAVI (SHARE-TAVI registry) was initiated and has as its goal to include all TAVI cases performed in the country. Our data were collected in parallel to the SHARE-TAVI registry, and this report is on our first 244 patients, most of whom were not part of the SHARE-TAVI registry. A major obstacle to the wider utility of TAVI is the high cost of the device and funder reluctance to provide funding. A paucity of local data adds to this reluctance.
The aim of the study was to describe our procedural and follow-up data. ■ New York Heart Association (NYHA) dyspnoea grading at 1 year. 
RESULTS

Patient population
Patient risk profi le
The patient cohort had a male preponderance, with 55.7% males. Most of the patients were octogenarians, with an average age of 80 (range 50 -94). Our cohort had a mean STS-score predicted mortality of 7.89% (SD 5.7) and a mean logistic EuroSCORE of 26.5% (SD12.5). A decrease in the STS score was observed in the latter phases of the study period.
The same decrease in Log EuroSCORE was not observed (Figure 1 ). Mean age did not change over time. Factors not well accounted for by the STS score, such as porcelain aorta and frailty, were often present in our patients. Table I illustrates the proportions of patients who had significant associated comorbidities.
Patient population
The study received ethical approval from the University of Stellenbosch's ethics committee (N16/01/005). All patients who received a TAVI at the 2 participating hospitals (Mediclinic Panorama and Mediclinic Vergelegen) were entered into a database. This database was managed by the lead author and was separate to the SHARE-TAVI registry.
Patient risk evaluation
At the start of the study, the logistic EuroSCORE and Society of Thoracic Surgeons Score (STS -score) predicted risk of mortality score and were documented for all patients. Although the EuroSCORE was later updated to the EuroSCORE II, we continued to document the logistic EuroSCORE for continuity.
Imaging
All patients received detailed preprocedural transthoracic echocardiograms (TTE). Parameters documented included left ventricular ejection fraction (LVEF) (measured either with Simpson's or the Teicholtz method), mean gradient over aortic valve, and aortic valve area (AVA) (measured by the continuity equation and planimetry). Paravalvular aortic regurgitation (AR) was evaluated by a combination of aortography (Sellers method (4) ), transoesophageal echo (TOE) (according to VARC-2 definitions (3) ), and end-diastolic pressure gradient over the valve.
Procedures
The procedures were performed over an extended period and evolved with growing experience. All procedures were performed in a cathlab under general anaesthesia, with TOE guidance. Access was gained via various routes: femoral arteries, transapical puncture with surgical preclosure of the apex, transaortic with a mini-sternotomy, or axillary artery cutdown. The programme was initiated with the Edwards SAPIEN TM system (Edwards Lifesciences TM , Irvine, California) and later the Edwards SAPIEN XT and CoreValve (Medtronic, IL). This study did not include any cases of Edwards SAPIEN3 or Medtronic Evolut R valves. Procedural success was defined as per VARC-2 : Absence of procedural mortality and correct positioning of a single prosthetic heart valve into the proper anatomical location and intended performance of the prosthetic heart valve (no prosthesis-patient mismatch and mean aortic valve gradient 20mmHg or peak velocity 3m/s, and no moderate or severe prosthetic valve regurgitation).
Outcomes
Outcomes documented at 1 year included:
■ 1-year survival (mortality data were subdivided into procedural mortality [up to 72 hours post procedure], mortality before discharge from hospital, and mortality in first year after TAVI); 
Procedural data
An average of 2.7 procedures was performed per dedicated theatre day. Apart from a single trans-axillary CoreValve implant, 3 different approaches to vascular access were used, depending on the extent of the ileofemoral and aortic root calcification determined from pre-procedural assessment. The transfemoral approach was generally favoured if amenable, followed by the transapical approach and the transaortic Figure 3 .
7-YEAR EXPERIENCE OF TAVI
Major outcomes
1-year survival
Mortality data were available for 219 of the 244 patients at 1 year following TAVI. Most of the missing patients were referred from far away and we could not obtain follow-up data despite significant efforts. 81% of patients were alive at 1 year (19% all cause 1-year mortality). Of the 46 patients that died in the first year, the breakdown was as follows: 9 (19.5% of total mortality) procedural, 6 (13% of total mortality) prior to discharge from hospital, and the remaining 31 deaths (67.3%) during the 1-year follow up. (See Figure 4) .
Causes of the 9 procedural deaths were:
Myocardial infarction (left main stem obstruction).
2. Aortic tear.
3. Aortic tear.
4. Ventricular tachycardia, failed resuscitation.
Ruptured abdominal aortic aneurysm.
6. Unexplained (day 2 postprocedural).
7. Left ventricular perforation.
8. Severe AR post deployment.
9. Right ventricular perforation by pacemaker wire.
The causes of death in the 6 patients who died in hospital between 72 hours and discharge were:
1. Multi-organ failure.
2. CVA.
3. Unexplained.
4. Unexplained.
5. Unexplained.
CVA.
One-year mortality tended to improve with experience: for Edwards valves, the first 50 cases had 17% 1-year mortality vs. 8% for the last 50 (p = 0.35). For CoreValve cases, it improved from 34% -13% from the first 30 to the last 30 cases (p=0.07) (see Figure 5 ).
Cerebrovascular accidents (CVA)
The 1-year incidence of clinically detected CVAs was 10%. Eight (33%) occurred in the first 72 hours following the procedure, and the remaining 16 (66%) occurred during the first year follow-up. Of those occurring in the inpatient period, 2 events were fatal. It is important to note that, preprocedural, the cohort had a 14% incidence of prior documented CVA or severe peripheral vascular disease -indicating the overall vascular risk of this advanced age group.
New York Heart Association (NYHA) dyspnoea grading
The pre-and postprocedural NYHA dyspnoea ratings are illustrated in Figure 6 .
Secondary outcomes
Echocardiographic parameters pre-and postprocedural are compared in Figure 7 . There was a significant decrease in mean gradient over the valve (46mmHg -10mmHg), accompanied by a rise in valve area (AVA) from 0.7cm 2 -1.6cm 2 .
Complications
Complications are documented in Table II and are all according to VARC-2 criteria. The results exclude 5 cases of elective TAVI in surgical bioprosthesis implants. The 5 TAVI-in -TAVI cases listed in Table II are cases where the first TAVI implant was incorrect and required a second valve to be implanted. Since vascular complications are major contributors to morbidity and mortality in TAVI, we evaluated the difference in this complication according to the device used (see Table III ). Our initial experience was exclusively with very large bore (22-24French) Edwards SAPIEN femoral and transapical devices. Minor vascular complications came down from 17% to 10% with the introduction of the (18-20French) e-Sheath of the SAPIEN XT valves. Major vascular complications were frequent with the transapical approach (which was often used in our early experience), and less so with the switch to the transaortic approach, although absolute numbers are low.
DISCUSSION
The TAVI landscape in South Africa differs vastly from Europe and the US where most data are generated. In Europe, the average number of TAVI centres is almost one per million of population and the average number of implants per centre is 41/yr. (5) We have only 11 centres performing TAVI and the local guidelines state that a team should aim to perform more than 10/yr. (6) In 2015 and 2016 only 5 of the teams reached this target (data presented at SA Heart ® Congress 2016 based on SHARE TAVI registry). This can probably be explained partially by our smaller elderly population, but another large Valves (PARTNER) trial, the average STS score was 11.6% (7) and in PARTNER 2 it was 5.8%. (8) It is not clear why the mean log EuroSCORE did not evolve in the same way, but the simplicity of this scoring system possibly omitted certain significant risk factors. This, together with the mean age remaining at more than 80 years, however confirms the cautious approach to patient selection used by the team.
7-YEAR EXPERIENCE OF TAVI
Extensive echocardiographic parameters were documented both pre-and postprocedurally, but these were performed by many operators in different hospitals and were not verified by a core laboratory. We therefore elected to only report on the hard parameters like valve area and gradient. Paravalvular aortic regurgitation is the most obvious omission, as this is linked to poor outcomes -but is also extremely difficult to reliably quantify.
Procedures were performed under general anaesthesia to enable TOE guidance, in contrast to many first world centres opting to use conscious sedation and to forego TOE for TTE.
The obvious benefits of TOE include immediate diagnosis of complications, additional information on valve sizing, and evaluation of procedural success. Our team only adopted a routine sedation policy once we felt comfortable with our ability to function without the benefits of TOE. This experience is not reported here, but we did observe significant improvements in postprocedural recovery times.
Previously reported 1-year all-cause mortality rates in landmark trials/registries were 24% (PARTNER A), (7) 24% (SOURCE), (9) 14% (CoreValve US Pivotal), (10) 12% (PARTNER 2A) (8) and 21.5% in the Brazilian Registry. (11) Our 1-year mortality data improved significantly over time with an 8% and 13% 1-year mortality rate for the last cohorts of both Edwards and CoreValve patients respectively. This emphasises the learning curve for TAVI -as well as improvements in equipment.
Experience was also reflected in hospital stay, but not in vascular and bleeding complications. Procedural success was relatively low, but this can largely be explained by our strict adherence to the paravalvular AR criterion of moderate or more as being indicative of failure.
The relatively high stroke rate needs clarification. Newer studies looking at strokes after TAVI require a formal neurological evaluation (using a reproducible scoring system) pre-and postprocedure. Our documentation of this outcome was probably not on the same standard, and many of the patients were referred back to other centres. The exact nature of some of these events was therefore not verified. Over time, the team tended to be more aggressive with anti-thrombotic treatment and the omission of balloon predilatation used in the latest Medtronic Evolut R valves may lead to better results in future.
Vascular complications are low compared to other studies. (12, 13) An analysis of the trend in this complication over our study period is however difficult to show, because of changes in mul- 
closure devices such as ProStar (Abbott, IL), and later Proglide (Abbott, IL). Using ultrasound guidance to locate the femoral artery has been used more recently, and seems likely to reduce complications further. A further explanation for the relatively low initial major vascular complications for the femoral approach is that almost half of the cases were performed via nonfemoral access, and only patients with very good femoral anatomy were considered for this approach.
CONCLUSION
Despite the limitations of a study of this nature, our group could document outcomes similar to international studieswith improvements over time and illustrating successful cooperation between different hospitals to expand exposure and experience in a resource-constrained environment.
LIMITATIONS
The research is subjected to the limitations of a retrospective reporting of data. Comparison between the 2 different valve types should not be made as the 2 programmes were started at different times in our experience curve. A more detailed analysis of echocardiographic parameters would have been valuable, but the collection of this data was not uniform enough.
Conflict of interest: none declared.
